The present investigation was to determine the effect of nano-TiO 2 (2 to 6 nm) and waste water on early seedling growth of maize. The suspensions of nano-TiO 2 either in deionized water or autoclaved waste water were applied at 100 mg/L, 50 mg/L and 25 mg/L under in vitro conditions. Analyses of waste water showed that it was not suitable for irrigation purposes as it had a higher content of heavy metals (Fe, Mn, Zn, Cd, Cr and Cu) which were above permissible levels for irrigation. The higher concentration of nano-TiO 2 (100 mg/L) and waste water significantly inhibited seed germination, seedling growth and caused accumulation of phenolics in maize plants (p < 0.05). The application of nano-TiO 2 at 25 mg/L significantly increased shoot fresh weight, shoot dry weight, root fresh weight, root dry weight, root area, chlorophyll a, chlorophyll b and carotenoids content (p < 0.05). The adverse effects of waste water on growth attributes of maize were significantly ameliorated by nano-TiO 2 at 25 mg/L (p < 0.05). The treatment of waste water with nano-TiO 2 (25 mg/L) is recommended before its utilization for agriculture purposes.
INTRODUCTION
. It is also used in plastics, ink and paper products, and as a food additive (Ortlieb ) . It is used to decontaminate water, soil and air (Aarthi & Madras ) .
Presence of TiO 2 has been reported in different environmental matrices, namely water, soils, bacteria, algae, fungi, plankton, fish and some plant species (Handy et Waste water is defined as marginal quality water originating in urban and suburban areas. This water is used for irrigation purposes in those areas where water is scanty for agriculture. This marginal quality water is used for irrigation of more than 20 million hectares of land all over the world and nearly 10% of the world's population consume food crops irri- Advanced oxidation process with UV irradiation and photocatalyst TiO 2 are gaining growing acceptance as an effective waste water treatment method (Barakat ) . The aim of the present investigation was to determine the effects of waste water treated with nano-TiO 2 on seedling growth of maize.
MATERIALS AND METHODS
Municipal waste water was obtained from Bannu city KP Pakistan and analyzed for heavy metals (Ni, Cr, Cu, Cd, Mn, Fe and Zn) using atomic absorption spectrophotometer (Varian FAAS-240) as described by Lajunen (1992) . Digestion of waste water was carried in HNO 3 (Gregg ).
The TiO 2 nanoparticles were obtained from the Nano Sciences and Catalysis Division, National Centre for Physics, Quaid-i-Azam University, Islamabad, Pakistan. The diameter range of the nanoparticles was 2-6 nm with mean value of 4 nm.
The TiO 2 nanoparticles were dispersed in autoclaved deionized water or autoclaved waste water under ultra-sonication.
The solutions of nanoparticles were placed in sunlight for a whole day (8 h) in glass flasks. Seeds of Zea mays (maize) were obtained from the National Agriculture Research Centre, Islamabad, surface sterilized with 10% chlorox solution and washed three times with autoclaved distilled water. Seeds were transferred onto the filter papers in petri dishes. The filter papers were moistened with 5 ml suspension of nano-TiO 2 in autoclaved deionized water or autoclaved waste water and incubated at 25-27 W C in the dark for 5 days.
After seed germination the growth chamber was set at day/ night photoperiod (16/8 h), day/night temperature (24/20 2 ± 2), and day/night relative humidity (75/80%).
The treatments were: untreated control; 100 mg/L nano- Estimation of photosynthetic pigments was carried out by the method as given by Arnon () .
The method of Wolfe et al. () was used for the extraction and quantification of total soluble phenolics content in leaves of maize. The frozen leaf tissue (0.5 g) was extracted in methanol (10 ml). A total of 0.5 ml filtrate of this phenolics extract was added to 1.5 ml freshly prepared
Folin-Ciocalteu reagent. The mixture was kept in the dark for 5 minutes and 1.5 ml sodium carbonate solution (7%) was added. The optical density (OD) of the reaction mixture was noted at 760 nm after incubation of samples for 90 minutes at room temperature. The OD readings were compared with a standard curve for gallic acid. The total soluble phenolics content was expressed as μg gallic acid eq./gram leaf tissue.
The data were analyzed statistically by analysis of variance and mean values were compared by Duncan's multiple range test (Duncan ).
RESULTS
The results of heavy metal composition of waste water are summarized in Table 1 . The concentration of heavy metals such as Fe, Mn, Zn, Cr, Cd and Cu were higher than permissible limits as set by FAO () for irrigation purposes.
Results presented in Figure 1 show that application of (Figure 3(a) ). Results showed that application of nano-TiO 2 at 25 mg/L under normal water treatment significantly increased (55%) root area compared with the control (Figure 3(b) ). The application of waste water significantly decreased (54%) root area compared with the untreated control (p < 0.05). The reduction in root area by waste water was significantly ameliorated by application of nano-TiO 2 at 25 mg/L.
Higher concentration of nano-TiO 2 (100 mg/L) exhibited significant reduction in chlorophyll a and chlorophyll b contents of maize leaves compared with the untreated control (p < 0.05). The application of nano-TiO 2 at 25 mg/L showed a significant increase in chlorophyll a and chlorophyll b content over the control (Figure 4(a) and 4(b) ). The treatment with waste water showed significant reduction in chlorophyll a and chlorophyll b compared with the control. The application of nano-TiO 2 at 25 mg/L significantly ameliorated the adverse effects of waste water treatment on photosynthetic pigments.
The application of nano-TiO 2 at 25 mg/L stimulated the carotenoids content of maize leaves over control (Figure 4(c) ). Waste water treatment did not affect carotenoids content. The effect of nano-TiO 2 under waste water treatment was also non-significant.
The application of nano-TiO 2 at 100 mg/L and 50 mg/L significantly increased total soluble phenolics content in maize leaves compared with the untreated control (p < 0.05). The nano-TiO 2 at 25 mg/L did not significantly affect total soluble phenolics content. The effect of nano-TiO 2 at 100 mg/L and 50 mg/L on leaf total soluble phenolics content was also stimulatory under waste water treatment. However, the application of nano-TiO 2 at 25 mg/L under waste water treatment did not significantly affect total soluble phenolics content compared with the untreated control (Figure 4(d) ). Mean values sharing common letters are statistically similar.
DISCUSSION

